Background: Addition of the antioxidant to extender media is the most appropriate attempt to reduce structural losses encounter during the process of cryopreservation. Hence semen excellence could be maintained for longer duration without adverse impact. Additionally antioxidants are not only capturing the reactive oxygen species but also improve the sperm quality indicators and fertility. Accordingly, current elucidation has been executed to explore the dose depended appraisal of varied concentration of α-tocopherol in Tris-based extender on frozen-thawed bull semen quality parameters for enhancement of bull semen cryopreservation in the subtropical ecosystem of Peshawar. Materials, Methods & Results: Experiments were carried out on semen that has been collected from both Achai-an indigenous breed and Holstein Friesian (HF) -the exotic breed in artificial vagina maintained at 42°C from the experimental bulls of either breed and processed independently breed wise. Semen specimens with above 70% motility were evaluated separately breed-wise under same environmental condition. Standard procedure was adopted to extend the collected semen in the experimental extenders and frozen subsequently. After thawing, further Analysis of the frozen straws of semen was carried out for sperm excellence indicators that include motility, viability, acrosomal integrity and functional integrity of spermatozoa under the subtropical condition. Sperm viability and acrosomal integrity were determined by dual staining procedure i.e. Trypan-blue and Giemsa stains. The hypo-osmotic swelling (HOS) test was used to assess plasma membrane integrity. The current elucidation demonstrated that α-tocopherol 1.5 mg/mL supplemented in extender had significantly (P < 0.05) increased sperm excellence gauge that includes motility, viability, acrosomal integrity and functional membrane integrity in both the breeds. On the other hand, the result further elucidated those concentrations higher or lower than 1.5
INTRODUCTION
Affluent fertility is one of the most imperative and preferred segments of a modern cattle breeding program in the reproductive management of dairy enterprise. Achai cattle are the smallest among the local cattle breed in Pakistan that has been developing from the Himalayan Hindukush hilly area [24] . The distinctiveness of this breed is its capability to flourish well in the mountainous ecosystem in conjunction with ruthless topographical grazing in comparison with exotic breeds of cattle from the temperate area. Additionally, Achai cattle are being reared by the mountainous agro-pastoral communities in large number and could make available space for their sustainable conservation. Also, semen cryopreservation has been considered an important tool for the preservation of genetic assets [25] . To this end, supplementation of α-tocopherol in semen extender biology against ROS and damages in semen freezing has been recently reported in diverse mammalian species in the varied ecosystem of the world [16, 3] .
To date, no defined documents are available on the use of α-tocopherol as an antioxidant in frozen bull semen preservation in the subtropical environment of Peshawar. Accordingly, the current endeavour has been elucidated to establish the most positive level of α-tocopherol for cryopreservation of Achai and Holstein Friesian bull semen, breed-wise separately under the subtropical condition of Peshawar region to elaborate shielding impact of α-tocopherol on the structural protection of bull semen against the unfavourable environment of cryopreservation for optimization of the fertility management and the efficacy of breeding programs in local cattle breeds.
MATERIALS AND METHODS

Samples
Experiments were carried out on semen of six matured bulls, three Achai -the indigenous breed and three Holstein Friesian -exotic breed at Government Cattle Breeding and Dairy Farm Harichand Charsadda, Khyber Pakhtunkhwa, Pakistan.
Methodology
Artificial vagina maintained at 42°C was used for collection of Semen from the experimental bulls of either breed and processed independently breed wise. Two successive ejaculates were collected from each bull at weekly interval for 3 weeks in April-May. Gross and microscopic examination of the ejaculates was appraised soon after collection. Semen specimens with above 70% motility were chosen for advance analysis. The semen was split into four aliquots in which triscitric acid extender (TCA) supplemented with various concentrations of α-tocopherol was used to reach 0 mg/ mL (group I, control), 0.5 mg/mL (group II), 1.0 mg/ mL (group III), 1.5 mg/mL (group IV), 2.0 mg/mL (group V), 2.50 mg/mL (group VI) and 3.0 mg/mL (group VII) [ Table 1 ]. Diluted semen was cooled to 4°C for 2 h, equilibrated for 4 h at 4°C, filled in straws (0.5 mL) at 4°C, kept in liquid nitrogen vapours for 10 min and subsequently held in the liquid nitrogen (-196°C) for assessment. Post-thawed motility of frozen semen straws was assessed using the standard procedure. The hot-water bath was used for 30 s for Thawing of frozen semen straws at 37°C. 
Group
Antioxidant (per mL of extender)
Group-VII α-tocopherol =3.0 mg/mL Sperm viability and acrosomal integrity were determined by dual staining procedure i.e. Trypanblue and Giemsa stains. Live and dead spermatozoa were differentiated via the supravital stain trypan-blue whereas Giemsa integrity of the acrosomal membrane was assessed through Giemsa stain. Likewise, the hypo-osmotic swelling (HOS) test was used to assess plasma membrane integrity.
Statistical analysis
The data were statistically analyzed with twoway analysis of variance using SPSS (Version 16) 1 . Duncan's Multiple Range Test was applied among the treated groups to make clear the level of significance.
RESULTS
During the current study, the progressive motility and viability of spermatozoa were significantly higher in 1.5 mg or 1.0 mg α-tocopherol supplemented groups in comparison with 0.5 mm or 0.00 mM in both Achai and Holstein Friesian. Also, the current finding indicated that the number of HOST+ve spermatozoa at 1.5 or 1.0 mg was greater when compared with the lower concentration of 0.5 or 0.00 mg α-tocopherol. Furthermore, the significant positive impact for acrosomal integrity was recorded in semen samples treated with 1.5 mg α-tocopherol followed by 1 mg, 0.5 mg when the comparison was made with other treated concentration. On the other hand, the result were further elucidated that concentrations higher or lower than 1.5-1 mg/mL α-tocopherol supplemented in the present study resulted in a lower semen functional attributes subsequent to freezing (Figure 1) . The current study demonstrated that 1.5 mg/mL were the most favourable concentration of α-tocopherol to be added to the TCA extender for improving the quality of frozen-thawed Achai and Holstein Frisian bull semen under the subtropical ecosystem of the Peshawar region (Table 1 ). 
DISCUSSION
The current elucidation was executed to appraise which concentration of α-tocopherol would provide the most effective protection against cold shock during the cryopreservation of bull spermatozoa in the subtropical environment of the Peshawar. The α-tocopherol supplementation in the extender resulted in positive effects on bovine sperm motility, acrosome integrity and plasma membrane integrity, after thawing in this study. The beneficial effects of α-tocopherol can be attributed to the antioxidant characteristics. α-tocopherol supplementation in the extender reduced the lipid peroxidation potential and improved semen quality during the freezing-thawing [8] . Since an enormous amount of unsaturated fatty acids are abundantly available in spermatozoa cell membrane which is always a threat to the lipid peroxidation. The higher rate of lipid peroxidation leads to membrane damages, disorders of cell functions and decrease sperm motility [6] . In the current study, the supplementation of α-tocopherol concentration rates of 1.50 mg and 1 mg/mL significantly increased percent sperm motility in both the breed. These findings were similar to reported data in diverse mammalian species i.e. in Murrah buffalo bulls [23] and bovine [13] . Thus it seems reasonable from these studies in conjunction with the current finding that enhanced sperm motility by α-tocopherol might be attributed to the antioxidant accomplishment of α-tocopherol that scavenges the too much ROS production in lipid peroxidation [5] .
This study further demonstrate a significant enhancement in sperm viability by addition of 1.5-1 mg/mL α-tocopherol in freezing extenders. These results were corroborated with findings that have been documented in recent past in water buffaloes, ram and boar [5, 9, 22] . Taken these reports together with current finding, it seems rational that the potential reason behind the improved viability via α-tocopherol supplementation in the semen extender biology might be antioxidant capacity of this antioxidant to minimize the concentration of lipid peroxidation by interrelating within chain in the course of action of oxidative stress [7, 15, 17] .
Appraisal of the Acrosomal integrity of spermatozoa is among one of most important gauge for the assessment of the serviceable grade of the membrane [27] . In the recent past, it has been documented that hasty cryocapacitation of spermatozoa with typical cryopreservation ahead of freezing is associated with alteration in the acrosomal integrity, resulting in the inability of the spermatozoa for fertilization of eggs [22] . Correspondingly, supplementation of α-tocopherol with a dose of 1.5 and 1 mg/mL in the current study has appreciably enhanced sperm acrosomal integrity in the semen extender for both Achai and Holstein Friesian. The obtained results in the current study were in accordance with the preceding findings in diverse mammalian species i.e. domestic pigs, bulls and boars [4, 19, 22, 28] . Thus taken together these elucidation in conjunction with obtained result in the current study, the most probable rational of advanced acrosome integrity rate might be due to the antioxidant characteristics of α-tocopherol that has been associated with maintenance of spermatozoa acrosomal integrity via diminution of the too much ROS formed throughout the cryopreservation procedure [20, 21] .
It is well established that the plasma membrane of spermatozoa is one of the essential components for successful mammalian fertilization [14] . Generally, the plasma membrane of spermatozoa is vulnerable to structural damages during the cold shock, the process wherein commencement of the succession response of free radical occurs [2, 10] . Likewise, α-tocopherol supplementation with a dose of 1.5 or 1 mg/mL in Tris-based extender has improved post-thaw sperm plasma membrane integrity. The present findings were corroborated with findings that have been reported in the recent past in diverse mammalian species i.e., in bucks, bovine bulls and boars [13, 16, 22, 29] . Thus, it seems reasonable from theses researches including the recent data, that α-tocopherol might be associated with enhancement of the plasma membrane integrity in opposition to surfeit ROS formation as an outcome of cryopreservation and thawing of spermatozoa [7] .
On the other hand, interestingly in the present study, Concentrations higher or lower than 1.5-1 mg/ mL α-tocopherol supplemented in the present study resulted in a lower semen quality subsequent to freezing. This indicates that 1-1.5 mg/mL as the recommended concentration of α-tocopherol for optimum cryopreservation results in the subtropical environment. The rising deliberation from 0 to 1.5 mg/mL of α-tocopherol in semen extender demonstrated progressive tendency in post-thaw spermatozoa excellence characteristics. It is indicative that these concentrations might be assisted in the enhancement of plasma membrane fluidity and integrity that are associated with a reduction of ice crystal manufacture in freezing process [20] . On contrary, the higher doses of α-tocopherol have been associated with the deleterious impact on sperm survivability and functionality during the freezing-thawing process and/ or cryopreservation. In diverse mammalian species, the detrimental impact of high doses of α-tocopherol in the semen extender has been documented including the report of in rams and in water buffalo bulls [9, 26] . The exact functional mechanism of a high dose of α-tocopherol in the semen extender biology with detrimental impact is not yet clarified. However, one of the potential cause of deleterious impact on sperm might be due to toxic dose intensity that has been associated with the demolition of diverse procedure e.g. cellular respiration in mitochondria in mammalian spermatozoa [12] . The other potential reasons for the higher concentrations than the recommended deliberation of 1-1.5 mg/mL in the semen extender did not exert better impact on sperm functional characteristics might be attributed to the abundant availability of fatty acids that make mammalian sperm susceptible to lipid peroxidation [1, 18] . Elucidation with a more high concentration of the α-tocopherol in different semen extender under diverse environmental ecosystem would certainly clarify the functional mechanism for the deleterious impact in varied mammalian species. 
CONCLUSION
This study demonstrated that adding α-tocopherol in tris based extender enhanced the post-thawed quality of semen. A concentration of 1.5 mg/mL of α-tocopherol was found to be the optimum level for best semen cryopreservation result using Tri semen extender. Additionally current study indicated that α-tocopherol exerted its effects in a dose-dependent approach and at high concentration of 2.0 mg/ mL or more is drastic for post thaw sperm functional characteristics. On the other hand, the artificial insemination (AI) has paramount functional relevance in the animal reproduction for appraisal of whether the spermatozoa maintain the fertility capabilities or not. Further studies would be essential to corroborate the outcome of α-tocopherol on the field fertility of cryopreserved Achai and Holstein Frisian sperm in existing management ecosystem and to resolve the potential reasons for the deleterious impact of the high doses α-tocopherol on post-thaw functional indicators in semen extender biology taken into account the current finding along with earlier studies in varied ecosystem of the world. 
